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CLOCK-CONTROLLED CONSTANT-FRE- 
QUENCY GENERATOR 


In the January number of the 
Bureau oF STANDARDS JOURNAL OF 
RESEARCH a motor-generator set is de- 
scribed in which the motor is forced 
to rotate in synchronism with signals 
from a standard clock circuit. This 
result is obtained by first running a 
specially wound synchronous motor 
from a 3-phase commercial power line. 
The field of this synchronous motor is 
then electrically rotated about the 
motor frame by an amount which ex- 
actly compensates for the departure 
of the frequency of the commercial 
power from true 60 cycles. This rota- 
tion of the motor field is effected by a 
rotary synchroscope operated by thyra- 
trons which are in turn controlled by 
a clock-driven 60-cycle tuning fork. 

From instant to instant the motor 
does not maintain exact synchronism 
with the tuning fork signals, but al- 
ways hunts slightly about the position 
of exact synchronism. The probable 
error introduced into observations by 
this hunting, when the generator is 
used as a timing device, has been de- 
termined experimentally to be only 
+0.0003 second. Safety devices are pro- 
vided which definitely guard against 
the possibility of this error amounting 
to as much as +0.004 second. When 
any appreciable intervals of time are 
to be measured, this random error be- 
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Fundamental properties of fire clay and fire- 
clay products. : 

Production of hydraulic lime from diatoma- 
ceous marl, 
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Letter circulars. ‘ 

Recent articles appearing in outside publi- 
cations. 


comes negligible and the accuracy of 
the machine is limited solely by the 
accuracy of the standard chronometer 
used. 

The uses, limitations, and possible 
improvements of the machine are dis- 
cussed. Its load capacity is 4 kw, and 
it is capable of taking a suddenly ap- 
plied load of 2 kw without serious 
hunting. 


DRY-CLEANING SOLVENTS 


The following progress report on the 
investigation of the properties of dry- 
cleaning solvents was presented by 
W. E. Emley, of the Bureau of Stand- 
ards, at the annual meeting of the Na- 
tional Association of Dyers and Clean- 
ers at Cleveland, on January 18, 1932. 

Introduction—The availability of 
noninflammable organic liquids and the 
introduction of machines especially de- 
signed for their use in large and small 
dry-cleaning plants and in the home 
have led to an awakened interest in 
the possibilities of safer and more effi- 
cient dry cleaning. At the suggestion 
of the National Association of Dyers 
and Cleaners, a meeting was held at 
the Bureau of Standards on February 
28, 1931, to discuss this subject. The 
outcome was a plan for a study of 
the properties of dry-cleaning solvents 
to be carried out at the bureau with 
the aid of research associates to be 
provided by the association. Work 
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was started in April and continued 
through December, 1931. The results 
obtained are briefly outlined in this 
preliminary report. They will be pub- 
lished in greater detail as soon as 
possible. 

The work has been done by Mrs. 
BE. BE. Hughes and Dr. 8S. M. Troxel, 
research associates, and R. T. Mease, 
chemist, Bureau of Standards. C. B. 
Stauffer, of the National Association 
Institute, has served as a part-time 
assistant. 

Tbe commercial production of sev- 
eral noninflammable solvents is well 
established and their general physical 
and chemical properties are known. 
Of these solvents carbon tetrachloride 
and trichloroethylene were selected for 
study because they appeared to have 
the most promise and because they 
were already under consideration by 
the dry-cleaning industry. Stoddard 
solvent was included because of its 
extensive use by dry cleaners. Stod- 
dard solvent alone and Stoddard sol- 
vent plus the usual dry-cleaning soap 
were studied. Other solvents and sol- 
vent mixtures could not be included 
because of the large number of experi- 
ments contemplated. 

Effect of solvents on fabrics—The 
effect on fabrics made from the com- 
mon textile fibers, of cleaning with the 
solvent selected, had already been 
studied by several investigators. How- 
ever, the conference was decidedly of 
the opinion that this phase of the 
subject should receive further atten- 
tion. Accordingly, an elaborate series 
of experiments was undertaken to de- 
termine the effect of repeated treat- 
ment with the solvents under stand- 
ardized conditions. 

The textiles studied were silk, 
weighted silk, cotton, wool, viscose 
rayon, and cellulose acetate rayon 
cloth. Specimens of the cloth were 
conditioned by exposure to air of 65 
per cent relative humidity at 70° F. 
to insure the presence of a definite 
reproducible amount of moisture in 
them. They were then placed in 1-pint 
Mason jars about one-third full of 
fresh solvent and the jar was tumbled 
in the “ launderometer ” for 45 minutes 
at room temperature. The specimens 
were removed from the jars, allowed to 
drain, and then dried in a ventilated 
oven for 30 minutes at about 102° F. 
They were again conditioned overnight 
and then exposed to diffused north 
light for five or more days. This pro- 
cedure should lead to reliable conclu- 
sions, since it permits atmospheric 
moisture and light to play the part 


they would under normal conditions of 
use of the fabrics. 

Specimens were treated in this cycle 
10 times, the total exposure to light 
and air being 126 days. The tensile 
strength of the cloth was determined 
after 1, 3, 7, and 10 treatments. Since 
drying at elevated temperature and ex- 
posure even to diffused light result in 
a decrease in strength of some textiles, 
blank tests were run by treating dupli- 
cate specimens of the cloth in the same 
cycle omitting the treatment with the 
solvent. 

No consistent marked differences in 
the behavior of the solvents with ref- 
erence to effect on strength of cloth 
were found. All fabrics except wool 
became weaker in the treatment, but 
most of this loss in strength was 
caused by the oven drying and the light 
exposure; that is, loss shown by the 
blanks which were not treated with the 
solvents. It may be concluded that 
the solvents studied are about equally 
satisfactory under the conditions of 
the test, as far as effect on strength of 
cloth is concerned. 

A similar study was made to deter- 
mine the possible effect on fabrics of 
cleaning in the presence of excess mois- 
ture. This might occur if garments 
were delivered in a wet condition or 
if they were cleaned with a solvent 
having a high moisture content. The 
tests were made as drastic as possible 
by thoroughly wetting the sample with 
distilled water and hydroextracting it 
just before placing in the launder- 
ometer jar with the solvent. The ex- 
posure to diffused light and air was 
made as in the study just described. 
Blanks were run which received all 
treatments including the wetting with 
water but not the treatment with sol- 
vent. The breaking strengths were 
determined with specimens containing 
the same number of threads, since the 
increase in thread count resulting from 
shrinkage might otherwise mask the 
effect of the solvent on the fibers. In 
these experiments the total number of 
cycles was 10 and the total diffused 
light exposure 66 days. 

With the exception of wool, all fab- 
rics became weaker in this treatment. 
The loss in strength was distinctly 
greater in the specimens treated with 
the solvents than in the blanks. No 
solvent was uniformly superior to the 
others. More data are necessary be- 
fore any final conclusions should be 
drawn. 

The effect of solvents on the color 
of dyed fabrics, representative of dif- 
ferent types of dyes, was studied. The 
common direct, acid, and acid-mordant 
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dyes are, in general, not affected. 
Some of the basic dyes bleed more or 
less, and the insoluble azo dyes, like 
para red and dyes of the naphthol AS 
series, bleed rather badly. Some of the 
special dyes used on cellulose acetate 
rayon bleed badly in trichloroethylene 
but less in carbon tetrachloride and 
Stoddard solvent with soap. 

The effect of the solvents on plaits 
in fabrics of weighted silk, wool, vis- 
cose rayon, and cellulose acetate rayon 
was found to be marked only with 
trichloroethylene and cellulose acetate 
rayon, The plaits held their form well 
in other solvents. Cellulose acetate 
rayon is softened by immersion in 
trichloroethylene, and it is somewhat 
weaker when wet with this solvent. 
It should be handled with care in 
plants using trichloroethylene and 
should not be left in the solvent longer 
than necessary. 

Stability—Some experiments were 
carried out on the effect of the pres- 
ence of light, air, and water on the 
stability of solvents. All appear to be 
reasonably stable in the presence of 
air and water, provided light is ex- 
cluded. This is the normal condition 
of use in dry-cleaning plants. The be- 
havior of the solvents at elevated tem- 
peratures, as when they are distilled 
in purification, was not studied. 

The effect of metals on the stability 
received some attention, but the re- 
sults are not directly applicable to 
practical dry cleaning, because, as has 
been found by Doctor Brallier, small 
amounts of impurities introduced from 
the cloth that is cleaned may either 
accelerate, retard, or even inhibit the 
action of metals on the solvents. 

Detergent efficiency of solvents.— 
Little is to be found in the literature 
on methods for evaluating the deter- 
gent efficiency of dry-cleaning sol- 
vents. Such methods would be appli- 
eable not only to the testing of sol- 
vents but to the rating and the control 
of dry-cleaning plants. Because of its 
importance, the development of meth- 
ods for testing cleaning efficiency has 
received special consideration. The 
many types of soil encountered by the 
dry cleaner and the difference in ca- 
pacity of different textiles to hold 
these soils make the problem a com- 
plicated one. An unequivocal answer 
ean not be found to the question, 
“What is the most efficient dry-clean- 
ing solvent?” 

The methods developed in this study 
make it possible to express numerically 
the efficiency of any solvent under any 
specified conditions of test, with refer- 
ence to any particular type of cloth 


and soil. Methods for the prepara- 
tion of standard sviled specimens of 
cloth, a standardized laboratory pro- 
cedure for dry cleaning the samples 
with the solvent, and a quantitative 
method of measuring and expressing 
the efficiency of the solvent in the re- 
moval of soil and in inhibiting re- 
deposition of the soil on cloth have 
been worked out. 

The following representative soils 
have been studied: Carbon black; an 
inert pigment paint; a pigment in oil; 
tea, representing fruit and other tan- 
nie acid stains; sirup, representing 
sweet stains; gravy, an emulsion of 
pigment and oil in water; lip stick, 
coloring matter in a waxy vehicle. 

These soils are applied uniformly 
and in a reproducible manner to the 
different types of cloth. Other soils 
which may be of interest can be ap- 
plied in a similar way by the methods 
developed. Soiled specimens are then 
cleaned in the dry-cleaning plant or in 
the laboratory by some standard pro- 
cedure with the solvents to be com- 
pared. A_ standardized laboratory 
procedure which gives results similar 
to those obtained in the commercial 
plant has been developed using pint 
Mason jars to hold the sample and 
solvent, and a shaking machine to give 
suitable mechanical action. 

The brightness of the original cloth 
and of the soiled specimen before and 
after cleaning are measured with a 
photometer. ‘The efficiency, ZH, of the 
detergent for any given soiled cloth 
and cleaning procedure is defined by 
the following equation : 


ie Be— B. 

E | ae B,** 100 
in which B,, B., and B, are the nega- 
tive logarithms, respectively, of the 
ratios of the brightness of the soiled, 
the cleaned, and the original unsoiled 
cloth. 

The efficiency of the detergent in 
preventing the redeposition of the soil 
on white cloth cleaned with the soiled 
cloth can be evaluated in a similar 
manner from measurements of the 
original cloth, the soiled cloth, and the 
original cloth washed with the soiled 
cloth. 

Using these methods, the detergent 
efficiency of the several solvents with 
reference to the standardized soils has 
been determined. In general, trichloro- 
ethylene and carbon tetrachloride have 
higher detergent efficiency than Stod- 
dard solvent and lower efficiency than 
Stoddard solvent plus soap. It is clear 
from the results that soils behave very 
differently in dry cleaning and that 
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the most efficient detergent for one is 
perhaps the least efficient for another. 
For example, Stoddard solvent and 
soap has an efficiency of 88 per cent for 
a certain lip-stick soil, but only 2 per 
cent for a tea soil. Trichloroethylene 
has an efficiency of 11 per cent for the 
tea soil, but only 68 per cent for the 
lip-stick soil. With reference to an- 
other type of lip-stick soil, trichloro- 
ethylene has an efficiency of 84 per 
cent and Stoddard solvent and soap an 
efficiency of only 53 per cent. 

The procedure for determining effi- 
ciency is applicable to a wide variety 
of complex soils encountered by the 
dry cleaner. If the results obtained 
from the different soils are weighted 
in accordance with their relative im- 
portance, then a quantitative expres- 
sion for the over-all efficiency of the 
solvent can be obtained. 

Toxicity—The hazard to health at- 
tending the use of organic solvents has 
received the attention of various inves- 
tigators. However, the new and ex- 
tended uses of solvents in the field of 
dry cleaning warrant a special investi- 
gation of their toxicity. The United 
States Public Health Service has 
agreed to undertake this investigation 
and has assigned Dr. F. R. Brunot to 
this work, who is stationed at the Bu- 
reau of Standards. Doctor Brunot has 
designed and built the special equip- 
ment required, and it is anticipated 
that the experimental work will be 
started early in the present year. 


PRESERVATION OF RECORDS IN 
LIBRARIES 


Mention has been made of the bu- 
reau’s survey of libraries, carried out 
as a part of its researches on the 
preservation of records. (Technical 
News Bulletin No. 175, p. 124; Novem- 
ber, 1931.) The storage of books in 
representative public libraries in va- 
rious parts of the United States was 
observed, with particular reference to 
such external deteriorating agents as 
acidic pollution of the atmosphere, 
high temperature, variation in atmos- 
pheric humidity, dust, and light. It 
was found that, while the deteriora- 
tive effects of high temperature, dust, 
and light were generally recognized 
and adequately guarded against, little 

. attempt was made to rid the atmos 
phere of acid fumes or to control the 
humidity of the atmosphere within the 

limits considered desirable. 

Sunlight has long been recognized 
as extremely deteriorative to papers. 
Experiments made at the bureau have 
shown that direct exposure of various 


types of current record papers to sun- 
light for only 100 hours on each side, 
reduced their folding strength to from 
25 to 63 per cent of the original. It 
was also found that rosin sizing, as 
used in such papers, darkens readily 
on exposure to light, thus possibly 
contributing to their yellowing with 
age. The bookstacks of the public 
libraries are generally lighted by 
frosted incandescent bulbs, which are 
turned on as needed, thus the effect of 
light is quite well guarded against. 

Protective treatment of the atmos- 
phere in the libraries was found to be 
generally confined to removal of dust 
and rather limited regulation of tem- 
perature and humidity to prevent ex- 
cessive heat, dryness, or moisture, oil 
filters and water sprays being used 
for these purposes. Air polluted with 
sulphur dioxide from the combustion 
of fuels is probably the most potent 
external deteriorative agent, as in con- 
tact with paper sulphur dioxide forms 
sulphuric acid, the well-known corro- 
sive “oil of vitriol.” Change in at- 
mospheric humidity concentrates the 
sulphurie acid in paper, thus hasten- 
ing its embrittling effect, as does ex- 
cessively high temperature. The bu- 
reau therefore recommends automatic 
control of temperature at 65° to 75° 
F., and of humidity at 45 to 55 per 
cent. These are healthful conditions, 
and they can readily be maintained 
with equipment such as is commonly 
used in manufacturing plants, office 
buildings, and theaters. 

The need of protection against sul- 
phur-dioxide fumes is emphasized by 
reference to statistics, which show, for 
example, an annual precipitation of 
sulphuric acid amounting to 83 tons 
per square mile in Philadelphia and 
194 tons in Glasgow. The bureau has 
found that printing and writing pa- 
pers exposed 10 days to an atmosphere 
containing 5 to 10 parts of sulphur 
dioxide per 1,000,000 parts of air had 
lost as much as 40 per cent of their 
original strength. The use of an alka- 
line water spray is recommended for 
combating acid in the atmosphere. 
The survey reported is one phase of 
a general study of library storage of 
records being made at the Bureau of 
Standards with the assistance of a 
fund granted for the purpose to the 
National Research Council by the Car- 
negie Corporation. 

The complete report of this work is 
now available as Bureau of Stand- 
ards Miscellaneous Publication No. 
128. Copies can be obtained from the 
Superintendent of Documents, Wash- 
ington, D. C., for 5 cents, cash. 
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ADVISORY COMMITTEES FOR PAPER 
RESEARCHES 


An established policy of the Bureau 
of Standards is to conduct its major 
research projects under the guidance 
of advisory committees representative 
of the interests most directly con- 
cerned. The three committees acting 
in this capacity for the paper research 
activities met at the bureau during 
December. 

At the meeting of the committee on 
standardization of lithographic pa- 
pers December 1, a detailed report of 
the printing plant studies made in the 
plant of the American Lithographic 
Co., at Buffalo, was given. The meth- 
ods of procedure were outlined, and 
the effects of various factors found 
to cause misregister were described in 
detail. The report covered the results 
obtained in three months’ study, dur- 
ing which an attempt was made to 
cover the most important factors af- 
fecting the closeness of register. Be- 
sides studying these factors, the re- 
sponse of papers of known history to 
the factors was determined. This 
committee is composed of printers and 
manufacturers of printing materials 
and machinery, appointed by the 
Lithographic Technical Foundation. 

The committee on preservation of 
records, appointed by the National 
Research Council, is representative of 
librarians; the National Research 
Council; and the various elements of 
the paper industry also met December 
1. The recent developments in the 
study of effect of acid-polluted air on 
records, the relation of condition of 
old publications to their environment 
as found by tests of them, further 
study of accelerated aging tests, and 
in the systematic paper-making ex- 
periments on the current raw ma- 
terials, were discussed in detail. 

The central research committee of 
the American Paper and Pulp Asso- 
ciation met December 9. This is a 
joint committee of the American 
Paper and Pulp Association, and the 
Technical Association of the Pulp and 
Paper Industry, which, in addition to 
its other functions, acts in a general 
advisory capacity for the researches 
on paper. Reports were given by 
bureau’s representatives on the func- 
tions and policies of the Bureau of 
Standards relating to paper re- 
searches and on the general status of 
these researches. The research proj- 
ects of the paper section and the 
waste land products section, relating 
to paper, were discussed in detail. 

During the meetings the researches 
were demonstrated by laboratory ex- 









hibits of the testing and experimental 
apparatus, test specimens, products of 
experimental work, and by an experi- 
mental paper-making run. 


VOLUME CHANGES IN METALS DURING 
CASTING 


The American Foundrymen’s Asso- 
ciation and the bureau have been co- 
operating in a study of the shrinkage 
of metals during casting and the influ- 
ence of such shrinkage on the produc- 
tion of sound castings. This work will 
be reported in the January number of 
the BurREAU or STANDARDS JOURNAL OF 
RESEARCH. 

The total shrinkage of a metal or 
alloy for casting purposes has a pro- 
found influence on the foundry prac- 
tice for that particular metal. It 
affects the size of the pattern required 
to give a casting of definite dimensions 
(patternmaker’s shrinkage), the de- 
sign of a casting, the size, type, and 
location of risers and feeders needed, 
the liability of castings to crack in the 
mold, and the soundness of a pressure 
test. 

The present paper describes a method 
which has been developed for measur- 
ing the volume changes undergone by a 
metal or alloy with change in tempera- 
ture as it cools from any temperature 
in the liquid state to ordinary tem- 
peratures. It defines as the three 
types of shrinkage to be considered: 
(1) Shrinkage of the metal in the 
liquid state, (2) shrinkage during 
solidification, and (3) shrinkage in the 
solid state; and considers in detail the 
sand-cast cone method for determining 
shrinkage during casting and the more 
fundamental procedure of constructing 
a specific volume temperature curve 
for each metal or alloy from some 
temperature well above the melting 
point or range to room temperature. 

The’ specific volume-temperature 
curve for liquid metal is constructed 
from data secured by application of 
the crucible immersion method; that 
is, by filling a crucible of known vol- 
ume with the liquid metal at known 
temperature. Since the mass of the 
sample of liquid metal is the same as 
that of the sample at room tempera- 
ture, the liquid specific volume may be 
readily calculated. 

Data on the contraction of solid 
metal were obtained by direct observa- 
tions of the change in length with 
change in temperature of a sand-cast 
bar of metal. 

The difference between the specific 
volume of the liquid metal and of the 
solid metal at the melting point is the 
volume shrinkage undergone during 















solidification. In the case of an alloy, 
shrinkage during solidification occurs 
over a range of temperature. 

Shrinkage data are given for a num- 
pad of nonferrous metals and a cast 
ron. 


EFFECT OF CASTING TEMPERATURE 
AND OF ADDITIONS OF IRON ON 
BEARING BRONZE 


While “ bronze ” is, strictly speaking, 
a copper-tin alloy, this term now cov- 
ers a multitude of copper-tin composi- 
tions containing a third or even a 
fourth element. Among the elements 
that are added, zinc and lead are per- 
haps the most widely used in bearing 
bronzes. 

A bronze bearing material that has 
become very popular and which has 
proved its usefulness in service, is the 
copper-tin-lead alloy. This alloy known 
as leaded bronze contains hard copper- 
tin compounds, as hard as some steels, 
in a softer copper-tin matrix, all of 
which surrounds particles of uncom- 
bined lead. Many successful bearing 
materials have a structure consisting 
of hard particles, embedded in a softer 
matrix. The plasticity of the matrix 
takes care of small misalignments of 
the bearing or shaft. The presence of 
lead, which does not alloy with the 
copper-tin matrix to any appreciable 
extent, assists materially in reducing 
the friction, renders the bronze more 
plastic, and aids in the manufacturing 
and machining of the alloy. 

A study has recently been made at 
the bureau of the effect of casting 
temperatures and of additions of iron 
on the properties of bearing bronze 
material consisting of 80 per cent cop- 
per, 10 per cent tin, and 10 per cent 
lead. In addition to determinations 
of hardness and microstructure of this 
leaded bronze, several test methods 
were employed which simulated cer- 
tain phases of actual service condi- 
tions. These tests included deforma- 
tion under pounding and resistance to 
wear, both dry and in the presence of 
a coolant. As bearings are usually 
above room temperature while in op- 
eration, a considerable number of the 
above tests were conducted at elevated 
temperatures. 

In the founding of bronzes it is sel- 
dom possible to pour all castings at 
the same temperature, because the 
metal is drawn from the furnace at 
various temperatures and cools in the 
ladle during pouring operations. The 
study of the effect of different cast- 
ing temperatures thus aids the manu- 
facturer in producing better castings 
and at the same time helps the con- 
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sumer by predicting what variations 
in properties may be expected of 
bronzes cast at various temperatures. 
In the study of 80-10-10 bronze, cast 
at temperatures varying from 1,850° 
to 2,120° F., it was found that as the 
casting temperature, the grain size, 
and the resistance to wear were in- 
creased the hardness’ decreased 
slightly, and a slight tendency was 
noted for more even lead distribution. 
Casting the bronze at about 2,000° F. 
caused a decrease in the resistance to 
impact or lowered the toughness, as 
shown by the notch test. The deforma- 
tion under pounding was a minimum 
in specimens cast between 1,900° and 
2,000° F. 

Although iron is not usually added 
intentionally to leaded bronzes, small 
amounts often accumulate during the 
process of manufacture through the use 
of scrapped bearings, iron stirring 
rods, and so forth. While the iron con- 
tent is quite small in most cases, the 
effect of this element is generally con- 
sidered harmful. In the reported in- 
vestigation the iron content, which 
varied from 0 to 1.0 per cent, was 
studied to determine its effect upon 
bearing bronzes. In general, it was 
found that iron additions over 0.3 per 
cent were detrimental to the bronze in- 
vestigated. Small additions of iron 
(up to 0.5 per cent) decreased the 
resistance to wear and increased the 
hardness. When the iron content ex- 
ceeded 0.3 per cent, segregation of the 
lead particles occurred, the grain size 
was reduced, and a decrease was noted 
in the notch toughness. Additions of 
iron up to 1.0 per cent increased the 
resistance to pounding. 


VOLUME CHANGES IN GYPSUM-FIBER 
CONCRETE 


Gypsum fiber concrete is the term 
applied to a hardened conglomerate 
mass resulting from the setting of a 
mixture of calcined gypsum, wood 
chips, and water. It is used for roofs 
and floors. While it is not directly 
exposed to weather in use, there is no 
assurance that it will remain always 
dry. Therefore, a study has been 
made at the bureau of the volume 
changes which it undergoes in setting 
and those which result subsequently 
from variations in moisture content. 
Five different gypsums were used, and 
measurements were made on neat 
specimens as well as those containing 
the wood chips. 

The measurements of expansion dur- 
ing setting showed that an increase in 
wood chips or a decrease in amount of 
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mixing water gave increased expan- | flow, while those containing less than 


sions. 

Specimens which were subjected to 
14 alternate soakings and dryings 
showed a gradual increase in length 
from cycle to cycle. Those specimens 
containing high percentages (10 to 
12%) of wood chips expanded much 
more than neat specimens. 

The other specimens were subjected 
alternately to 10 cycles of air of high 
and low humidity. These specimens 
contracted slightly from cycle to cycle. 
However, the magnitude of the changes 
was much less than that caused by 
soaking. 

The measurement of thermal expan- 
sion made with specimens of one cal- 
cined gypsum showed that the coeffi- 
cient of thermal expansion per °C. 
(27° to 47° C.) ranged from an aver- 
age maximum of 16 by 10° for neat 
specimens to an average minimum of 
13 by 10° for specimens containing 
12% per cent of wood chips. 


FUNDAMENTAL PROPERTIES OF FIRE 
CLAY AND FIRE-CLAY PRODUCTS 


In continuation of an extensive in- 
vestigation of the fundamental prop- 
erties of fire-clay refractories, a study 
has been undertaken of the plastic 
flow, modulus of elasticity, and trans- 
verse breaking strength at 1,250° C. 
of the 17 representative brands of 
fire-clay brick, a silica brick, and a 
high alumina brick. Bureau of 
Standards Research Papers Nos. 114 
and 194 give data relative to numer- 
ous other properties of these fire 
brick and the clays from which they 
were manufactured. 

The furnace, which was built espe- 
cially for this study, requires ap- 
proximately 4%4 hours to heat the 4 
by 6 by 14 inch furnace chamber to 
1,250° C. and an additional 314 hours 
to obtain the necessary data. It was 
impossible to obtain data at 1,250° C. 
of two of the 17 brands of brick, be- 
cause of their very high plastic deflec- 
tion. Of the remaining 15 brands the 
range in modulus of rupture was 
found to be from 55 to 2,000 lbs./in?: 
the range in modulus of elasticity 
from 75,000 to 520,000 Ibs./in.2; and 
the plastic deflections with a load of 
approximately 50 lIbs./in. at the cen- 
ter of the specimen, using an 8-inch 
span, were: Minimum, 0.0015 inch, 
and maximum, 0.044 inch. It was 
found, in general, that the silica brick 
had a comparatively low plastic de- 
flection very similar to the brick high 
in alumina. Bricks containing from 
38 to 48 per cent, approximately, of 
alumina, have a rather high plastic 





38 per cent have plastic deflections 
intermediate to the highest and lowest 
values, 


PRODUCTION OF HYDRAULIC LIME 
FROM DIATOMACEOUS MARL 


Although centuries of experience in 
Europe have proved hydraulic lime 
satisfactory and durable, yet in Amer- 
ica there are but relatively small quan- 
tities of this kind of lime produced. 
Therefore, when the Kansas Geologi- 
cal Survey requested that a sample of 
diatomaceous marl from Kansas be 
examined as a possible source of hy- 
draulic lime, the bureau agreed. Since 
a more complete report of the results 
of this investigation is being writ- 
ten, only a few of the salient factors 
will be reported at this time. 

From a study of heating curves of 
the diatomaceous marl (which was 
essentially finely divided calcium car- 
bonate containing about 18 per cent 
by weight of diatomaceous silica) it 
was evident that a reaction was tak- 
ing place between the lime and the 
silica at about 300° to 400° C. lower 
than in a mixture of chalk containing 
18 per cent of finely ground quartz. 

Samples of the diatomaceous marl 
were then calcined in an electric fur- 
nace at definite temperatures for vary- 
ing lengths of time. A “free lime” 
determination was then made on each 
calcined sample and sufficient water 
was added to react with this CaO to 
convert it to Ca(OH): Briquets were 
made from this partially hydrated ma- 
terial after it had aged a week in a 
closed vessel after the addition of the 
water to permit the CaO to become 
hydrated. The briquets which con- 
tained three parts of standard Ottawa 
sand and sufficient water to affect the 
proper consistency were then stored for 
seven days in the molds in air satu- 
rated with water and maintained at 
21° C. They were then removed from 
the molds and stored under water. 

It was found that the strength of the 
briquets was improved if the partially 
hydrated lime was ground so that 
about 90 per cent passed a No. 200 
sieve. About 65 per cent of the dry 
hydrate passes this sieve if unground. 
Apparently the best hydraulic lime (as 
far as early strengths are concerned) 
resulted from calcining the diatomace- 
ous marl for about an hour at a tem- 
perature between 950° and 1,000° C. 
Briquets made from the ground hy- 
drate developed at the end of 28 days 
on the average a tensile strength of 
230 Ibs./in.? and at the end of 90 days 
about 360 Ibs./in.’ 












Some few tests showed that this 
hydraulic lime could be used for pro- 
ducing a slightly stronger sand-lime 
brick than the ordinary high calcium 
lime, an increase in the compressive 
strength of the particular laboratory 
brick of from 1,090 to 1,250 Ibs./in’” 
being noted. 


HYDRAULIC ENGINEERING AS A 
PROFESSION 


The following talk was given by H. 
N. Eaton, acting chief of the bureau’s 
hydraulic laboratory section, under 
the auspices of the Kiwanis Club of 
Washington, over radio station WRC 
of the National Broadcasting Co. It 
is one of a series of talks on “ voca- 
tional guidance” sponsored by the 
Kiwanis Club. 

Hydraulic engineering is an attrac- 
tive profession for a limited number 
of engineers. There are no definite 
figures available, but it appears prob- 
able that about 5,000 of the approxi- 
mately 120,000 engineers in this coun- 
try are engaged in some form of hy- 
draulic work. However, if you have 
decided upon an engineering training, 
and if, in addition, the complicated 
and elusive processes of flowing water 
have a fascination for you, then you 
may well consider whether you may 
not choose some branch of the field 
of hydraulics for your life work. 

Although I have intimated that the 
field of hydraulic engineering is lim- 
ited as regards the number of engi- 
neers which it can absorb, nevertheless 
it offers a great variety of opportuni- 
ties. If you have a mechanical bent, 
you may find that the design of hy- 
draulic machinery offers you suitable 
employment ; if you are fond of an out- 
of-door life, the work of the United 
States Geological Survey in measuring 
the flow of streams or the work of the 
Bureau of Reclamation in designing 
and erecting irrigation structures may 
interest you; if the problems involved 
in the production of power appeal to 
you, there are hydroelectric power 
plants to be designed, constructed, and 
operated. 

Finally, if you have an intense de- 
sire to learn more of the actual 
phenomena of flowing water, the engi- 
neering colleges offer opportunities for 
experimental work and for teaching, 
while several departments of the Fed- 
eral Government carry on hydraulic 
experimentation. 

The hydraulic engineer has to do 
both with the art and with the science 
of hydraulics. American engineers are 
second to none in their development of 
the art of hydraulics. However, with 
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some notable exceptions, we have 
fallen behind Europe during the past 
quarter century in the development of 
the science of hydraulics, particularly 
as regards the methods of solving prob- 
lems of river hydraulics. We have re- 
lied exclusively upon rule-of-thumb 
methods and upon previous experience 
when we should have had definite sci- 
entific data in order to achieve the 
best results. Consequently, hydraulic 
projects costing many millions of dol- 
lars have sometimes been only partly 
successful and in some instances have 
been total failures. 

In a subject so complicated as the 
flow of fluids, in which only the very 
simplest problems can be solved ana- 
lytically, and then only when the prob- 
lems are greatly idealized, it is usu- 
ally necessary to resort to experiment 
in order to obtain the answers to our 
problems. But in order to make an 
experiment feasible, it is usually nec- 
essary to carry it out at a much 
smaller scale than that of the actual 
structure. For example, it may be ex- 
tremely important to design the crest 
of a dam to pass a certain quantity of 
water per foot of length when the 
water levél is a given height above 
the crest, in order to prevent the low- 
lands upstream from being overflowed 
in times of flood. Now it is not pos- 
sible to compute the flow over the crest 
from theoretical considerations alone. 
We must rather make an experiment. 
But neither is it feasible to make the 
experiment at a scale which is com- 
parable with that of the actual dam. 
Instead, we must construct a minia- 
ture dam geometrically similar to the 
one which is to be built, with all of 
the dimensions reduced to perhaps one- 
fiftieth or one-hundredth of those in 
the actual structure. Experiments can 
be made with the model dam and we 
can multiply the results which we get 
by the proper factor to make them 
apply to the full-sized structure. 

But, asks the practical engineer, 
upon whose shoulders rests the respon- 
sibility for designing the actual dam 
so that it will do what is expected of 
it, how can we be sure that the results 
obtained with the miniature dam can 
be depended upon to tell us what will 
happen in the full-sized structure? 

The answer to this question is to be 
found in a branch of the science of 
mechanics which has been quite gen- 
erally neglected until recently—in the 
principles of dynamical similarity. 
These principles were used by isolated 
investigators in hydraulics as long ago 
as half a century. Froude made use 
of them to develop a method of pre- 
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dicting the resistance of ships based 
upon tests of small models, a method 
which has endured to the present day. 
However, only one or two attempts 
were made to apply the principles of 
dynamical similarity to experiments in 
river hydraulics until about the begin- 
ning of the present century. Engels, 
in Germany, was the leader in this 
field, and, as a consequence of his suc- 
cess, the method came to be used quite 
generally in Europe. 

American engineers remained un- 
aware of the remarkable progress made 
abroad in experimental methods in hy- 
draulics until about 15 years ago, when 
a prominent American hydraulic en- 
gineer, while visiting some of the Eu- 
ropean hydraulic laboratories, was im- 
pressed by the work being done in 
them and immediately set out to bring 
it to the attention of the hydraulic 
engineering profession in the United 
States. Through the generosity of this 
man, a number of young hydraulic en- 
gineers have been enabled at various 
times since 1927 to spend a year or 
more studying in the European hy- 
draulic laboratories and have returned 
to this country full of enthusiasm for 
what they have seen. In addition, the 
publication by the American Society 
of Mechanical Engineers, of a book 
entitled “Hydraulic Laboratory Prac- 
tice,’ describing the European and 
American hydraulic laboratories and 
their work, has brought to the atten- 
tion of the profession very helpful in- 
formation as to the new methods 
which are being used. 

As a result, there has been given a 
marked impetus to the construction 
of hydraulic laboratories in the 
United States. During the past few 
years the facilities for hydraulic re- 
search in the engineering colleges of 
this country have been extended 
greatly, several manufacturers of hy- 
draulic machinery have either built 
new laboratories or have extended 
their existing laboratory facilities, the 
Corps of Engineers of the United 
States Army has built a laboratory 
for river experiments at Vicksburg, 
Miss., and a large hydraulic laboratory 
is being built at the Bureau of Stand- 
ards of the Department of Commerce. 

I have stressed what has aptly been 
termed “the new awakening in hy- 
draulic laboratory research” because 
it is destined to play a very impor- 
tant part in the future design of hy- 
draulic structures, and hence must be 
understood by hydraulic engineers. 
The Corps of Engineers of the United 
States Army is already making model 
tests to aid in the solution of its 


problems of river control, the Bureau 
of Reclamation is using this method 
in studying some of the hydraulic fea- 
tures of the Hoover Dam and other 
water-storage and irrigation struc- 
tures, and it is becoming customary 
to subject the hydraulic features of 
private water-power developments to 
painstaking model investigation be- 
fore the structures are erected. 

It is necessary to emphasize, how- 
ever, the importance of placing in the 
hands of properly trained men the task 
of carrying out model tests and the 
interpretation of the results, men who 
have a thorough mastery of the theory 
of the laws of dynamical similarity, 
who have the ability to make accu- 
rate and painstaking tests, and who 
are familiar with the practical prob- 
lems of design and construction, and 
with the full scale phenomena in 
Nature. 

The hydraulic engineer of the future 
will require a much better training in 
the theory of his subject than has been 
given by American engineering col- 
leges in the past, if he is to remain 
abreast of his European colleagues. 
The European engineer is better 
trained in the fundamentals of his 
profession than is the American engi- 
neer. If he sometimes places a little 
too much faith in the efficacy of a 
formula, it is at least better than not 
knowing that there are any formulas 
which are applicable. A _ general 
knowledge of engineering is very im- 
portant, and a thorough knowledge of 
mechanics and a fair command of 
mathematics are absolutely essential. 
There is probably no other branch of 
engineering in which there is so much 
confusion of thought on the part of 
engineers as to the phenomena in- 
volved as in hydraulics. This is 
mainly due, in the opinion of the 
speaker, to the complexity of the phe- 
nomena and to the lack of adequate 
training in the mechanics of fluids. 

The engineering colleges do not, in 
general, offer a definite course in hy- 
draulic engineering leading to a de- 
gree. Instead, the requisite studies 
are included in the curricula in me- 
chanical engineering, civil engineering, 
and electrical engineering. Under 
these circumstances the student who 
desires to become a hydraulic engi- 
neer will be obliged to choose his 
course by the type of work into which 
his inclinations tend to lead him. 
Those whose interest is in hydraulic 
machinery should obviously choose me- 
chanical engineering as their course 
of study. Those who are interested 
in irrigation engineering, the design 





of dams, or river and harbor improve- 
ment, should just as obviously select 
a civil-engineering course. The stu- 
dent who is interested in hydroelectric 
power can not usually obtain a suit- 
able preparation in either a mechani- 
cal-engineering or a civil-engineering 
course alone. He will require sub- 
jects from both courses and, in addi- 
tion, will need training in some aspects 
of electrical. engineering, such as 
power-transmission lines and electrical 
machinery. At present, the only feas- 
ible way to obtain specialized engi- 
neering training in the field of hydro- 
electric power would seem to be to take 
an additional year of college work in 
engineering or to attend one of the 
few engineering schools which permits 
of such specialization. For example, 
the Massachusetts Institute of Tech- 
nology offers a hydroelectric power 
option in its civil-engineering course. 
Many educators oppose specialization 
of this nature, holding that the student 
should take a general course in engi- 
neering and then specialize after grad- 
uation. This is probably a sound view 
as far as the average student is con- 
cerned, but for the unusual student 
who knows precisely what he wishes 
to follow for his life work, this spe- 
cialization would seem to be an advan- 
tage, since it can be achieved by omit- 
ting certain specialized subjects in 
other branches of engineering. 

The engineer should not be content 
with being a mere technician. Obvi- 
ously, he must master the technique 
of his profession, but this is not suf- 
ficient if he is to develop to the fullest 
possible extent and to exert the influ- 
ence in his profession and in public 
affairs which he should. It is impos- 
sible to devote the necessary time to 
cultural studies in an engineering cur- 
riculum which is already overcrowded. 
Consequently, the engineer should sup- 
plement his professional training with 
reading of a cultural nature to broaden 
his point of view. A more thorough 
knowledge of foreign languages than 
is usually obtained in the engineering 
colleges is not merely desirable, but is 
of very practical importance. Current 
hydraulic literature is to be found ex- 
tensively in the German, French, Ital- 
ian, Dutch, and Swedish tongues, as 
well as in English, and, while it can 
hardly be expected that every hydrau- 
lic engineer can spare the time to 
master all of these languages, he 
should at least be able to express him- 
self concisely and logically in English. 
He may have important information 
to present in a paper, but if he writes 
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in a slipshod manner with a complete 
disregard of the elementary rules of 
English composition, much of the ef- 
fectiveness of his effort will be lost. 
A fair idea of the earning power of 
a hydraulic engineer may be obtained 
from the report of the committee on 
the economic status of the engineer, 
of the American Society of Mechan- 
ical Engineers. This report was pub- 
lished in the September, November, 
and December, 1931, issues of Mechan- 
ical Engineering under the title “ 1930 
Earnings of Mechanical Engineers.” 
According to the data presented in this 
report, if you are an average engineer, 
you may expect your earnings to be 
approximately as follows: At 23 to 24 
years of age, $2,000 per annum; from 
25 to 27 years of age, $2,500 per an- 
num; from 28 to 32 years of age, $3,500 
per annum; from 33 to 37 years of 
age, $4,500 per annum; from 38 to 42 
years of age, $5,900 per annum; from 
43 to 47 years of age, $6,500 per an- 
num; from 48 to 52 years of age, 
$7,000 per annum; from 53 to 57 years 
of age, $7,500 per annum and from 58 
to 62 years of age, $7,500 per annum. 
The curve is carried only a short dis- 
tance above the age of 62 years, but 
shows a slight decrease in earning 
power. Exceptional men may expect 
to earn in excess of $25,000 per annum 
at the peak of their earning power. 
Considering the question of sources 
of employment; hydroelectric power 
companies require hydraulic engineers 
for the design and operation of their 
plants; hydraulic engineers are needed 
by construction and engineering firms 
which handle large hydraulic projects ; 
there are opportunities with manufac- 
turers of hydraulic turbines, pumps, 
meters, appliances, etce.; the Corps of 
Engineers of the United States Army 
requires not only officers who are 
trained as hydraulic engineers but also 
civilians, to carry out its immense 
projects of flood control river regula- 
tion, harbor improvement and control 
of coastal erosion; the United States 
Bureau of Reclamation has a staff of 
highly trained hydraulic engineers to 
design its irrigation works; the United 
States Geological Survey requires 
many engineers for the measurement 
of stream flow ; the Bureau of Agricul- 
tural Engineering of the United States 
Department of Agriculture employs 
hydraulic engineers in research work 
intended to improve our methods of 
irrigating and draining agricultural 
lands, for studying the run-off from 
agricultural lands and for measuring 
the flow of irrigation water; and the 
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Bureau of Standards of the United 
States Department of Commerce is at 
present erecting a large hydraulic 
laboratory for experimental research 
in hydraulics. In addition to the 
above, some of the States employ hy- 
draulic engineers for the study and 
development of their water resources, 
and large municipalities require them 
in connection with their water supply 
and related problems. The teaching 
profession also requires a relatively 
small number of men. 

The securing of a diploma should not 
be regarded as the principal factor 
which is necessary for success in hy- 
draulic engineering. Technical knowl- 
edge is an absolute essential, but given 
this, it is individual ability which 
counts most heavily, as in other pro- 
fessions. The brilliant man may have 
a great advantage over the plodder, 
but hard, consistent work will go far 
toward carrying an engineer to the 
peak of his profession. 


NEW AND REVISED PUBLICATIONS 
ISSUED DURING DECEMBER, 1931 


Journal of Research * 


Bureau of Standards Journal of Re- 
search, vol. 7, No. 6, December, 1931 
(RP Nos. 387 to 395, inclusive). 
Price, 40 cents. Obtainable by sub- 
scription. 


Research Papers’ 


RP366. Quartz plate mountings and 
temperature control for piezo oscil- 
lators; V. E. Heaton and BE. G. Lap- 
ham. Price, 10 cents. 

RP368. The porosity of electroplated 
chromium coatings; W. Blum, W. P. 
Barrows, and A. Brenner. Price, 
10 cents. 

RP386. The relation of torque to ten- 
sion for thread-locking devices ; H. L. 
Whittemore, G. W. Nusbaum, and 
BE. O. Seaquist. Price, 30 cents. 


Commercial Standards ' 


CS31-31. Red-cedar shingles. 
10 cents. 

CS34-31. Bag, case, and strap leather. 
Price, 5 cents. 


Price, 


Miscellaneous Publications ' 


M129. Report of the Twenty-fourth 
National Conference on Weights and 
Measures attended by representa- 
tives from various States, held at 
the Bureau of Standards, Washing- 
ton, D. C., June 2, 3, 4, and 5, 1931. 
Price, 50 cents. 


1 See footnote in next column. 


‘EC314. Use of 
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of fiber building 
boards; C. G. Weber, F. T. 
Carson, and L. W. Snyder. 
Price, 5 cents. 


M132. Properties 


Commercial Standards Monthly * 


Commercial Standards Monthly, vol. 8, 
No. 6, December, 1931. Price, 10 
cents. Obtainable by subscription. 


Technical News Bulletin* 


Technical News Bulletin No. 176, De- 
cember, 1981 (including annual in- 
dex). Price, 5 cents. 


LETTER CIRCULARS * 


LC313. Nomographic chart for use 
with steel measuring tapes. 
standard frequency 
transmissions in checking 
standard oscillators. (Super- 


sedes LC280.) 
OUTSIDE PUBLICATIONS * 


The refrigerator cabinet. J. L. Finck 
and M. 8S. Van Dusen; Refrigerating 
Engineering (New York, N. Y.), vol. 
6, p. 310; November, 1931, and p. 385, 
December, 1931. 

Liquid helium. H. C. Dickinson; The 
Scientific Monthly (New York, N. Y.), 
vol. 34, p. 75; January, 1932. 

Fuel-line temperatures in cars of 1931. 
O. C. Bridgeman and H. S. White. 
Society of Automotive Engineers 
Journal (New York, N. Y.), vol. 29, 
No. 6, p. 447; December, 1931. 

Comparison of Wright’s data on 
equivalent color stimuli with the 
O. S. A. data. D. B. Judd; Journal, 
Optical Society of America (Ithaca, 
N. Y.), vol. 21, p. 699; 1931. 

A general formula for the computa- 
tion of colorimetric purity. D. B. 
Judd; Journal, Optical Society of 


1Send orders for pebticntions under this 


heading only to the Superintendent of Doc- 
uments, Government Printing Office, Wash- 
ington, D. C. Subscription to Technical 
News Bulletin, 25 cents per year (United 
States and its possessions, Canada, Cuba, 
Mexico, Newfoundland, and Republic of 
Panama; other countries, 40 cents. Sub- 
seription to Journal of Research, $3 per 
year; other countries, $3.75. Subscription 
to Commercial Standards Monthly, $1 per 
year; other countries, $1.25. 

2“ Letter circulars "’ are in mimeographed 
form and are designed primarily to answer 
specific inquiries. The supply is neces- 
sarily limited, so that, in general, but one 
copy can be sent in answer to each request. 
Copies are available only on application to 
the Bureau of Standards, Washington, D. C. 
No mailing list is maintained for “ letter 
circulars,” and complete sets of back num- 
bers can not be furnished. 

3“ Outside publications” are not for dis- 
tribution or sale by the Government. Re- 
quests should be sent direct to publishers. 
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America (Ithaca, N. Y.), vol. 21, p. 

729; 1931. 

The photographic unit of intensity. 
K. S. Gibson; Journal, Optical So- 
ciety of America (Ithaca, N. Y.), 
vol. 21, p. 654; October, 1931. 

Crystalline rubber hydrocarbon. E. W. 
Washburn; Physical Review (Corn- 
ing, N. Y., vol. 38, No. 9, p. 1,790; 
November 1, 1931. 

The influence of grease on the deteri- 
oration of chestnut and quebracho 
tanned leathers by sulphuric acid. 
R. C. Bowker; Journal, American 
Leather Chemists Association (New 
York, N. Y.), vol. 26, No. 12, p. 667; 
December, 1931. 

The following papers by H. S. Rawdon 
were published in the United 
States Daily (Washington, D. C.): 

Research into properties of iron and 
steel. Vol. 6, No, 244, p. 10; De- 
cember 17, 1931. 

Metallurgical studies to aid steel 
industry. Vol. 6, No. 245, p. 10; 
December 18, 1931. 

Evolving plant process for making 
steel. Vol. 6, No. 246, p. 8; De- 
cember 19, 1931. 

Cooperative research into making 
steel. Vol. 6, No. 247, p. 8; De- 
cember 21, 1931. 

Certifying iron products for Federal 
purchase. Vol. 6, No. 248, p. 10; 
December 22, 1931. 

Establishing standards for iron and 
steel. Vol. 6, No. 249, p. 10; De- 
cember 23, 1931. 

Elimination of waste in iron and 
steel. E. W. Ely; United States 
Daily (Washington, D. C.), vol. 6, 
No. 250, p. 10; December 24, 1931. 

Surface coatings for aluminum alloys. 
W. H. Mutchler; Metals and Alloys 
(New York, N. Y.), vol. 2, p. 324; 
December, 1931. 

The carbon-oxygen equilibrium in liq- 
uid iron. H. C. Vacher and E. H. 
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Hamilton; Transactions, American 

Institute of Mining and Metallurgi- 

cal Engineers, iron and steel division 

(New York, N. Y.), p. 124; 1931. 

A practical method for studying the 
running properties of a metal cast 
in foundry molds. C. M. Saeger ané 
A. I. Krynitsky; Transactions, 
American Foundrymen’s Association 
(Chicago, Ill.), vol. 2, p. 513; De- 
cember, 1931. 

Oxygen, hydrogen, and nitrogen as con- 
stituents in metals. H. C. Vacher; 
Journal of Chemical Education (New 
York, N. Y.), vol. 9, p. 47; January, 
1932. 

The following papers were published 
in the Transactions of the Ameri- 
ean Society for Testing Materials 
(Philadelphia, Pa.), vol. 31, Part 
2; 1932: 

Thermomagnetic analysis and the 
Ao transformation in 0.75 per cent 
carbon steel. R. L. Sanford an@ 
G. A. Ellinger; p. 83. 

Endurance testing of steel: Compari- 
son of results obtained with ro- 
tating-beam v. axially-loaded spec- 
imens. R. D. France; p. 176. 

Fatigue testing of wire. S. M. Shel- 
ton; p. 204. 

Influence of water composition on 
stress corrosion. D. J. McAdam, 
jr.; p. 259. 

Oxygen as a factor in submerged 
corrosion. E. C. Groesbeck and 
L. J. Waldron; p. 279. 

Use of ethylene pthalate anhydride as. 
a high vacuum cement. T. P. Sager 
and R. G. Kennedy, jr., Physics 

(Menasha, Wis.), vol. 1, No. 6, 

p. 352; December, 1931. 

The Government specification for build- 
ers’ hardware. I. J. Fairchild; Na- 
tional Association of Purchasing 
Agents (Inc.) (New York, N. Y.), 
Specifications Pamphlet No. 15; De- 
cember, 1931. 
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